The PHAR-IN ("Competences for industrial pharmacy practice in biotechnology") looked at whether there is a difference in how industrial employees and academics rank competences for practice in the biotechnological industry. A small expert panel consisting of the authors of this paper produced a biotechnology competence framework by drawing up an initial list of competences then ranking them in importance using a three-stage Delphi process. The framework was next evaluated and validated by a large expert panel of academics (n = 37) and industrial employees (n = 154). Results show that priorities for industrial employees and academics were similar. The competences for biotechnology practice that received the highest scores were mainly in:
Introduction
The PHAR-IN ("Competences for industrial pharmacy practice in biotechnology") [1] consortium consists of professional organisations representing industrial employees, viz, the European Industrial Pharmacists' Group (EIPG) [2] , and the European Federation of Pharmaceutical Industries and Associations, (EFPIA) [3] , together with pharmacy academics from the European Association of Faculties of Pharmacy (EAFP) [4] . Amongst other projects, the PHAR-IN consortium looked at whether there is a difference in how industrial employees and academics rank competences for practice in the biotechnological industry. A small expert panel consisting of the authors of this paper produced a biotechnology competence framework by drawing up an initial list of competences then ranking them in importance using a three-stage Delphi process. The framework was next evaluated and validated by a large expert panel of academics drawn from EAFP (n = 37), and by industrial employees that were members of EIPG, EFPIA and European Federation for Pharmaceutical Sciences (EUFEPS [5] ) (n = 154).
The PHARMINE study (Pharmacy Education in Europe) found that a substantial number (37,308) of European pharmacists (6% of the total workforce) work in industry [6] , this is similar to the world-wide figure of 10% given by the International Pharmaceutical Federation [7] . Recent publications have outlined the many profound changes in the drug industry, one of the most notable of which is a switch towards biotechnology [8, 9] . The question arises, therefore, as to how to adapt pharmacy education to this switch towards biotechnology; this is under discussion in Europe [10] , Australia [11] and the USA [12] . The PHARMINE study cited above found that in addition to the traditional courses in pharmaceutical technology (representing an average of 12% of contact hours of the five-year European pharmacy course), some pharmacy departments (10/31 studied) do give elective pre-graduate courses in industrial pharmacy but these are mainly concerned with chemical production of drugs and other matters such as regulatory affairs. The PHARMINE study also found that 11/31 departments give post-graduate courses in industrial pharmacy.
A potential mismatch may exist between the competences of recently graduated pharmacists and the professional requirements in industry if sufficient input from industrial stake-holders is not obtained. Furthermore, although many academics are actively involved in research, fewer are involved in the drug industry. The above situation requires that the educational system be capable of offering the right courses to produce the right person with the right competences at the right time. This paper presents a European competence framework for biotechnological practice in industry, the methodology by which this framework was produced, and the rankings of competences by industrial employees and academics.
Methodology
The competence framework was produced by the Delphi technique [13] . Delphi methodology has been used to produce consensus competence frameworks for healthcare professionals such as nurses [14] and medical doctors [15] ; it has also been used to produce competence frameworks for secondary level teachers in biotechnology [16, 17] . To our knowledge, Delphi has not been used to produce a competence framework for professionals working in biotechnology.
A small expert panel consisting of the 13 authors of this paper (six with an academic background, seven with an industrial background) produced a proposal for a competence framework, starting with an initial framework produced by two industrial consultants (BG and PC) and based on their expert knowledge and on recent literature in biotechnology. This version was then subjected to three Delphi rounds within the small expert panel producing a version that contained 46 proposals for competences in 13 categories. This competence framework was then evaluated and validated by a large expert panel consisting of (1) academics (members of EAFP), and (2) industrial employees (members of EIPG, EFPIA, EUFEPS and the Innovative Medicines Initiative (IMI) [18] ) (using surveymonkey [19] , see Appendix).
The large expert panel was invited to rank the 46 proposed competences using a uni-dimensional Likert ranking method [20] with a scale of 1 to 4. This scale with an even number of choices contrasts with scales with an odd number of choices that allow for a "neutral" option. The expert panel also had the possibility to check a "I am unable to rank this premise" box There was also the possibility of skipping a competence by not replying at all (blank).
The panel could also comment on the various competences.
Statistical Analysis
Response rates were calculated as the sum of the responses in ranks 1 through 4 divided by the total number of responses possible (=46 competences × 153 industrial respondents or × 35 academic respondents). Blanks and "I am unable to rank this premise" were pooled.
Ranking scores are expressed as means; this is for descriptive purposes only. Statistical significance was based on the Wilcoxon signed rank test for differences from the global median of the population (industrial employees or academics). The overall median was calculated from all answers given in order to make it possible to identify answers which score higher (or lower) than this overall median. Chi-square was used to compare results of academics with those of industrial employees.
Ordinal consensus was calculated using the Leik technique [21] .
The statistical tests used are described on the GraphPad website [22] .
Results
The distribution of academic and industrial respondents over the different European countries was not equal (chi-square = 72, d.f. = 1 and 19, p < 0.0001) ( Table 1 , top). There was no significant difference for age distribution; the main age groups represented were in the 41-60 years range ( Table 2 , bottom). Chi-square = 3.9, d.f. 5, p value 0.5617.
Overall ranking profiles (ranks 1 through 4) and response rates were not different between industrial employees and academics (Table 2) . Chi-squares on differences between industrial employees and academics regarding frequencies of ranks 1-4 = 2.12, d.f. 6, p value 0.9085.
Leik ordinal consensus based on the frequencies of ranking given in Table 2 was for industrial employees 0.50 and for academics 0.58.
Both academics and industrial employees ranked scores significantly above the global median for categories "Research and Development", '"Upstream" and "Downstream" Processing', "Product development and formulation", "Aseptic processing", "Analytical methodology", "Product stability", and "Regulation". (Appendix Table A1 ). Only for competences "Describe the range of products available with recombinant DNA technology", "Employ pharmaco-epidemiology skills, including the statistical methodologies to strategically evaluate a drug product and produce a risk management plan", "Interpret clinical trial designs that address specific ethical issues e.g., in special patient populations" and "Design a consent process that ensures that subjects are not coerced into participating in clinical trials" was there a significant difference (chi-square) between academics and industrial employees-academics scoring higher than industrial employees.
There were 59 comments on the following:
 The clarity of the survey  The context within which answers should be given  The specificity to biotechnology and not to industrial pharmacy practice in general  The educational level (foundation or specialist) at which the competence would be acquired  The balance between the relative importance of different competences
Discussion

Delphi Methodology and Statistics
The Delphi methodology implies that surveying be anonymous and so individuals were not targeted. This contrasts to the survey of pre-selected experts in which the answers obtained depends on the prior selection of the experts. Here, no limitations were fixed on the possibility to participate. Anonymity is a minor issue in this study as the Delphi method requires complete anonymity. In the PHAR-IN study, the identities of the participants were known to the authors but not to each other.
The Delphi technique was also double in that there was first a small expert panel three-round Delphi process and this was followed by a larger panel evaluation and validation. This contrasts to many studies that use the first step (e.g., Stupans, et al.,) without the second. It is similar to the methodology used by the MEDINE consortium. It has the advantage that Delphi results are validated by a large group of the professionals actually involved in practice (doctors in MEDINE, biotechnology employees in this PHAR-IN study) and by academics teaching biotechnology.
Regarding statistical analysis, there is an ongoing discussion on the use of parametric or non-parametric statistics when dealing with ordinal data such as Likert scales. Some studies use means and standard variations [23] others use medians (MEDINE). This paper proposes the use of means for descriptive statistics and medians (Wilcoxon) or frequencies (Chi-square) for analysis.
A final issue concerns consensus, which is at the centre of the Delphi process [24] . Leik ordinal consensus values were 0.50 (industrial employees) and 0.58 (academics). Using the scale given by MEDINE [25] this would be qualified as "moderate" consensus.
Profiles of Respondents
Response rates were high-around 70% for both categories-implying that those participating (both industrial employees and academics) were experienced and knowledgeable enough to reply. There was a significant difference in the distribution of participants across European countries with academics stemming mainly from Bulgaria and Italy and industrial employees from Finland and Switzerland. This discrepancy does not appear to be linked to concentration of pharmacy departments or the pharmaceutical industry in a particular country. Its effect on results is unknown. The UK had approximately equal percentages of academics and of industrial employees. There was no significant difference in age distribution. The main age groups represented were in the 41-60 years range suggesting that replies came from active and experienced participants.
Ranking Profiles
Categories linked to practical aspects concerned with production: "Research and Development", "Upstream" and "Downstream" Processing", "Product development and formulation", "Aseptic processing", "Analytical methodology", "Product stability", and "Regulation" received high ranking.
Preclinical and clinical categories scored lower with only two out of 19 competences receiving a score higher than the global median. Comments on these areas suggested that some of those replying considered such aspects as "general" competences not specifically linked to biotechnology practice.
Competences in the category "Ethics and drug safety" also received low scores especially on the part of industrial employees. Comments in this area suggested that this matter was self-evident i.e., modern-day pharmaceutical clinical research standards prevent subjects from being coerced into participating in trials.
Finally, in only four out of 46 competences was there a significant difference between rankings of academics and industrial employees. This was mainly in the category "Ethics and drug safety" in which three out of five competences were ranked higher by academics.
Conclusions
Several competence frameworks have been proposed, for example, in the UK [26] and at the level of the international pharmaceutical federation [27] . This present study is different in that competences were ranked and validated by a wide European panel-of both industrial practitioners and academics-and were not only the fruit of the expert knowledge of a few. The results show that academics and industrial employees have very similar ideas on the relative importance of different competences for practice in the biotechnological industry. The competences rated as being of highest importance are those concerned with formulation, manufacture and quality control. Thus, academics appear to be in tune with industrial requirements.
Perspectives
The consensus framework presented here can be used by academics to examine whether the highly needed competences identified are in fact covered in their existing curricula. If these subjects are not covered in the course, such an examination will open up reflection and discussion on how to cover them. These competences are those of both technicians and research scientists. They may be partially acquired through extra-university and experiential learning on-the-job (APEL) All authors actively participated in the Delphi review by the small expert committee.
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Understand the importance of defined quality standards for product and process components used in biopharmaceutical formulation and manufacture, and the potential for interaction with biopharmaceutical macromolecules.
3.5
8. Aseptic processing.
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Understand microbiological principles as they apply to sterility assurance in biopharmaceutical manufacturing. Understand concepts of Good Manufacturing Practice (GMP) and Good Distribution Practice (GDP) as applicable to the aseptic production, control, storage and handling of biopharmaceuticals.
3.3
9. Analytical methodology.
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Understand the principles, instrumentation and application of analytical methods (especially bioassay) used to characterize biopharmaceutical raw materials, intermediates and finished products.
3.4
10. Product stability.
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Understand the potential impact of environmental factors (such as temperature, light, oxidation) on biopharmaceutical proteins and consequences for product quality, safety and efficacy.
3.4
11. Regulation. 
